Purpose To investigate the merits and demerits of stapled skin closure when compared to conventional sutures in head and neck cancer surgery. Materials and Methods A total of 80 patients (40 patients each in control and study group) were enrolled. The patients underwent closure of incision wounds following head and neck cancer surgical procedures. Skin incisions were closed with sutures using 3-0 silk in control group and with stainless steel staples in study group. Both the groups were compared for speed of closure, cost effectiveness, pain on removal, patient comfort, aesthetic outcome on day of removal, 15 and 30 days after day of removal and complications. Results The mean incision length in control group was 54 ± 16.3 cm while in study group was 53.7 ± 15.4 cm which was statistically not significant (P = 0.95). The mean time of closure in control group was 34.2 ± 12 min while in study group was 3.3 ± 1.2 min which was statistically highly significant (P \ 0.001). The mean cost of material for skin closure in control group was Rs. 270.0 ± 46.4 and in study group was Rs. 517.5 ± 135.7 which was also statistically highly significant (P \ 0.001). Conclusion It was concluded that skin staples are better alternatives to conventional sutures in head and neck cancer surgery as they offer ten times faster wound closure, cost effectiveness, and similar results to sutures in terms of patient comfort, aesthetic outcome and complication rate.
Introduction
Historically, there were few surgical options for wound closure. From catgut, silk, and cotton, there is now an everincreasing array of sutures, approximately 5269 different types, including antibiotic-coated and knotless sutures. Topical adhesives and skin staples are the recent closure methods which are developed to use either alone or in combination with traditional suturing techniques [1] .
Ancient Hindus first used the insect mandibles to close skin wounds and this evolved the idea for development of staple wound closure. Mechanical suture devices were pioneered in the Soviet Union and introduced into the United States by Steichen and Ravitch in 1973 [2] . Stapling method of wound closure has been shown to be an excellent option in many situations [3] .
Rapid and aesthetic healing of skin incisions requires accurate reapproximation of wound margins [4] . No technique can supersede standard suturing methods for closing wounds requiring the most meticulous repair. However, for most linear, non-facial lacerations, staples have been found to have the advantage of being faster, less damaging to host defenses, and useful in the management of potentially contaminated wounds [2] .
As staples are being commonly used for incision wound closure in head and neck cancer surgery, there is a need to validate their efficacy in this specialty. So, a prospective trial was carried out to investigate the merits and demerits of stapled skin closure when compared with conventional sutures.
Objectives
The aim of present study was to compare staples and conventional sutures for: 
Methodology Source of Data
Eighty patients who attended the department of oral and maxillofacial surgery with histologically proven head and neck cancer requiring surgery were included in the study during the period of 2009-2012. Detailed clinical histories along with routine necessary hematological and histopathological investigations for each patient were carried out. The selected patients were then informed of the surgery and method of closure of the surgical wound, its advantages and disadvantages.
Those who fulfilled and consented for the study were enrolled for the study.
Selection Criteria
This study followed the Declaration of Helsinki on medical protocol and ethics and the regional Ethical Review Board of the institute approved the study. 
Inclusion Criteria

Study Design
The study conducted was a double-blind, randomized and prospective study in which patients were randomized in both the groups using lottery method by an independent observer. A total of 80 patients were enrolled. The patients underwent closure of incision wounds following head and neck cancer surgical procedures under general anesthesia. The incisions used for various surgical procedures in these patients were assigned to one of the following two groups (40 patients in each group):
Study group: Skin incisions closed with stainless steel staples.
Control group: Skin incisions closed with sutures using 3-0 silk.
Method
All the patients were operated for wide excision of tumor mass and neck dissection, either functional or radical depending upon the neck status of the individual. Reconstruction with pectoralis major myocutaneous flap (PMMC) was done in cases of wide excision of the tumor mass with radical neck dissection. After finishing with the procedure on the neck and chest, subcutaneous tissues were closed by using 3-0 vicryl in simple interrupted or continuous manner in both the groups.
In study group, skin was closed with stainless steel staples by placing a disposable stapler with arrow/mark on its head pointing along the incision line/wound edges while assistant surgeon had everted the wound edges using Adson's tissue holding forceps. In control group, skin was closed with 3-0 silk cutting body by simple interrupted suturing technique in conventional manner. Following the completion of closure, an antiseptic medicated cream was applied followed with a protective dressing for the first 24-72 h. Drains were placed in all the cases and were kept till the drain content was minimal. All patients were given IV antibiotics (Cefotaxime ? Sulbactam and Metronidazole) for 5-7 days postoperatively.
The closures were removed after an interval of 10-14 days, first removing the alternate sutures and then the remaining sutures after few days and pain on removal was recorded using VAS. Staples were removed using a staple remover that painlessly opened them sideways while sutures were removed in conventional manner. Patients were assessed on daily basis in immediate postoperative period and were followed up at the day of suture removal, 15 and 30 days after the suture removal for wound cosmesis, by an independent observer and, complications.
The data obtained in the study was tabulated under two groups assigned to each of the wound closure material used in the study.
The data obtained in the study included:
1. Time taken for closure The time taken for closure was calculated (in min) beginning from the placement of first skin staple or suture to the completion of last. 2. Total length of incisions Incision lengths used for the neck and chest surgical procedure were recorded (in cm) in immediate postoperative period by using a cotton thread and aligning it along the incision lines.
3. Material cost for skin closure The effective cost for the number of staples or suture packs used for skin closure was calculated (in Rs.). 4. Pain on removal of staples and sutures Patients were evaluated for pain on removal of staples and sutures using visual analogue scale having horizontal line running from 'no pain' (0 mm) to 'worst pain' (100 mm) on the questionnaires. 5. Aesthetic outcome Close photographs of the wounds were taken at the day of staple or suture removal and on 15 and 30 days after the removal and were analyzed by an independent blinded observer as poor, moderate or good. 
Statistics
Results are presented as Mean ± SD for quantitative data and as numbers and percentages for categorical data. Student's unpaired t test was used for group wise comparisons. Categorical data was analyzed by Chi square test. A 'P' value of 0.05 or less was considered for statistical significance.
Results
Following were the Results and Observations Noted
Age and Sex
The study included total 80 patients-42 males and 38 females. In control group, 20 males and 20 females were there with mean age of 50.6 ± 8.4 years and range between 37 and 65 years with 12 patients (30 %) in age group of 35-45 years, 17 patients (42.5 %) in age group of 46-55 years and 11 patients (27.5 %) in age group of 56-65 years ( Table 1) . Out of 40 patients, 12 patients (30 %) underwent wide excision of the tumor with functional neck dissection while 28 patients (70 %) underwent wide excision of the tumor with radical neck dissection followed by reconstruction with PMMC flap (Table 2) . 3-0 Mersilk was used for skin closure in all these patients. In study group, 22 males and 18 females were there with mean age of 47.4 ± 6.7 years and range between 35 and 64 years with 16 patients (40 %) in age group of 35-45 years, 20 patients (50 %) in age group of 46-55 years and 4 patients (10 %) in age group of 56-65 years ( Table 1) . Out of 40 patients, 11 patients (27.5 %) underwent wide excision of the tumor with functional neck dissection while 29 patients (72.5 %) underwent wide excision of the tumor with radical neck dissection followed by reconstruction with PMMC flap (Table 2 ). Skin stapler was used for skin closure in all these patients.
One patient expired in control group and two patients expired in study group during postoperative period due to reasons unrelated to method of closure.
Incision Length and Closure Time
The mean incision length in control group was 54 ± 16.3 cm while in study group was 53.7 ± 15.4 cm which was statistically not significant (P = 0.95). The mean time of closure in control group was 34.2 ± 12 min while in study group was 3.3 ± 1.2 min which was statistically highly significant (P \ 0.001) ( Table 3 ; Fig. 2 ). So the speed of wound closure was almost ten times faster in study group.
Material Cost for Skin Closure
The mean cost of material for skin closure in control group was Rs. 270.0 ± 46.4 and in study group was Rs. 517.5 ± 135.7 which was also statistically highly significant (P \ 0.001) ( Table 3 ). So it was found that the cost of material for skin closure was almost double for the study group.
Pain on Removal (Visual Analogue Scale Scores)
The mean VAS score for pain on removal in control group was 2.15 ± 0.9 while in study group was 2.21 ± 0.8 which was statistically not significant (P = 0.77) ( Table 3) .
Patient Comfort (Visual Analogue Scale Scores)
The mean VAS score for difficulty in moving the neck 1 week after the surgery in control group was 3.9 ± 1.8 while in study group was 4.2 ± 1.7 which was statistically not significant (P = 0.34) ( Table 3) .
Aesthetic Outcome
On Date of Removal
In control group, the scar was analyzed as good in 4 patients (10.3 %), moderate in 25 patients (64.1 %) and poor in 10 cases (25.6 %) while in study group, the scar was analyzed as good in 3 patients (7.9 %), moderate in 28 patients (73.7 %) and poor in 7 cases (18.4 %). Statistically there was no difference in wound cosmesis between the two groups on day of removal of sutures/staples (P = 0.66).
Days Post Date of Removal
In control group, the scar was analyzed as good in 7 patients (17.9 %), moderate in 27 patients (69.2 %) and poor in 5 cases (12.8 %) while in study group, the scar was analyzed as good in 9 patients (23.7 %), moderate in 24 patients (63.2 %) and poor in 5 cases (13.2 %). Statistically there was no difference in wound cosmesis between the two groups at 15 days after removal of sutures/staples (P = 0.81). Chi square test, P value = 0.13 NS Chi square test, P value = 0.81 NS
In control group, the scar was analyzed as good in 17 patients (43.6 %), moderate in 19 patients (48.7 %) and poor in 3 cases (7.7 %) while in study group, the scar was analyzed as good in 21 patients (55.3 %), moderate in 13 patients (34.2 %) and poor in 4 cases (10.5 %). Statistically there was no difference in wound cosmesis between the two groups at 30 days after removal of sutures/staples (P = 0.43) (Fig. 3) .
Complications
Two patients in study group and one patient in control group expired because of reasons unrelated to the method of closure. In control group, 31 out of 39 patients (79.5 %) were having no complications. Four patients (10.3 %) had wound dehiscence (Chest wound = 3, Neck wound = 1), one patient also had lip necrosis along with wound dehiscence. Four patients (10.3 %) were having prolonged wound discharge (Fig. 4) . In study group, 29 out of 38 patients (76.3 %) were having no complications. Seven patients (18.4 %) had wound dehiscence (Chest wound = 6, Neck wound = 1) and two patients (5.3 %) had prolonged wound discharge (Fig. 4) . Statistically there was no difference in complications between the two groups (P = 0.73).
Discussion
Head and neck cancer surgeries comprise a marked number of surgical procedures in major parts of the world where tobacco usage is very frequent. These surgeries are often extensive because of carrying out reconstruction at the same time along with excision of the tumor mass and are quite exhausting for the operating surgeons. Use of staples for wound closure can be one of the ways to reduce the operating time as they achieve the desired results comparable to the conventionally used methods.
There are a number of well proved techniques of skin closure employing a variety of materials in use today (for example, suturing-interrupted or continuous using braided or monofilament materials, subcuticular closure using absorbable or non-absorbable sutures, metal clips of varying types and adhesive tapes). The choice of technique employed in any particular case is determined in part by the surgeon's own preference and in part by the nature of the surgery performed (clean or dirty sites etc.) [5] . The factors which have to be considered in making a comparison of different types of wound closure are: the ease and speed with which the skin closure is completed, the level of patient discomfort, cost, the final cosmetic result and the complication rate [6] .
Speed of Wound Closure
The mean incision length in control group was 54 ± 16.3 cm while in study group was 53.7 ± 15.4 cm which is statistically not significant (P = 0.95). The mean time of closure in control group was 34.2 ± 12 min while in study group was 3.3 ± 1.2 min which is statistically highly significant (P \ 0.001). So the speed of wound closure was almost ten times faster in study group. In our study, all staple closures were placed by the same surgeon who was well versed with the technique. These results are in consistent with other studies which reported that stapling had the advantage of speed of execution [2, [7] [8] [9] [10] .
Cost Effectiveness
It was found that the cost for skin closure was almost double for the study group. This is because of good quality of staplers used and cost was compared according to the market prices. Above mentioned results are derived only from the cost of the material while the total cost of repair should include two components: cost of material and cost of labor. The cost of material used includes the expense of suture packs or staples used and the cost of labor includes operation theatre charges, anesthetist charges along with charges of theatre nurses and paramedical staff. Besides the above mentioned factors, surgeon's time is one of the major factors influencing cost of labor. Cost of labor for each case is related to the time of closure. So longer the closure time, more will be the cost of labor. This finding is well supported by other studies [2, 7, [10] [11] [12] .
Pain on Removal
We have not found removal of staples to be more painful than sutures as we had used a well designed staple remover which opened the staples sideways. Gatt et al. [12] found that routine staple removal was no more difficult or painful than suture removal in a study of abdominal wound closure. There are other studies in the literature showing that staples were more painful to remove [6, 8, 10] . Banwell et al. [13] suggested local application of EMLA cream 1 h before the removal of skin staples for a painless removal of skin staples and recommended this technique in all patients requiring the removal of skin staples.
Patient Comfort
The mean VAS score for difficulty in moving the neck 1 week after the surgery in control group was 3.9 ± 1.8 while in study group was 4.2 ± 1.7 which is statistically not significant (P = 0.34). Patients in both the groups who underwent reconstruction with PMMC flap following RND were having higher VAS scores because of the morbidity associated with the extended procedure and difficulty in moving the neck as the flap could restrict the neck movements to the opposite side while patients who underwent FND for management of neck were found to have lower VAS scores. So it is evident that patients who underwent FND for management of neck were more comfortable than the patients who underwent reconstruction with PMMC flap following RND and there is no statistically significant difference in the patient comfort between both the groups. These results are consistent with studies of Ridgway et al. [14] .
Aesthetic Outcome
The scar cosmesis was evaluated in both the groups on the day of staple/suture removal, after 15 days, and after 30 days of removal (Figs. 5, 6, 7) . There was no significant difference statistically in the wound cosmetics in both the groups on the day of removal, 15 and 30 days after the removal (P = 0.66, P = 0.81, and P = 0.43, respectively). Gatt et al. [12] , George et al. [10] , Medina dos Santos et al. [9] , Selvadurai et al. [6] and Khan et al. [15] have also found that there was no difference in scar cosmetics with staple skin closure and other suture materials.
Complication Rate
Complications were reported in both the groups. These patients were managed by antibiotics and secondary suturing whenever required. Although there is no statistically significant difference between both the groups (P = 0.77) but there were more wound dehiscence in study group. All chest wound dehiscence were seen in male patients especially who were thin built and had scarce subcutaneous fat which resulted in inadequate flap mobilization leading to increased tension during wound closure. We did not observe any chest wound dehiscence in female patients in both the groups which may be due to presence of abundant adipose tissue that results in tension free wound closure after proper undermining. This was more pronounced in staple wound closure as they can cause crimping of skin edges and this mechanism is well explained by Coupland [16] .
Conventional skin suturing techniques do have certain disadvantages, namely that a needle passing through the intact skin on either side of the wound carries both epidermis and organisms along its track and into the depths of the wound, thereby causing a higher incidence of wound infection than skin closure by a sutureless technique. This is especially so where a monofilament material is not used [5] . The conduction of surface bacteria by percutaneous multifilament sutures by wicking effect can also be a reason for infection [17] . Where the tension upon the wound edges is too great, due to either poor technique in inserting the sutures or subsequent tissue swelling after skin closure, localized ischemia results producing prominent crosshatching along the scar and a poor cosmetic result. Skin closure employing metal clips avoids the problem of introducing infection deep into the wound but, by their very nature, clips do produce increased local tension and ischemia [5] . Johnson et al. [18] found that stapled wounds offered higher resistance to infection than sutured wounds.
Apart from the more efficient use of theatre time and saving in anaesthetic gases, the psychological effect on surgeon and theatre staff of rapid wound closure at the end of a long operation is also significant. There is also the inherent advantage of decreased exposure to needle-stick injuries using skin clip closure. According to the Centres for Disease Control and Prevention (CDC), American health care workers suffer between 600,000 and 1 million needle sticks and other sharps injuries every year. With more than 20 pathogens including HIV, hepatitis B and C transmittable through small amounts of blood, any protocol that results in less exposure to needle sticks should be welcomed. The case is particularly strong for the surgeons who have been estimated to have a cumulative lifetime risk of HIV seroconversion as high as 1-4 % [19] .
Currently staples are widely used in orthopedics, scalp and abdominal surgeries and are also very helpful in securing grafts with or without the help of sutures. Advantages of staples include rapid placement, excellent cosmetic results, less tissue strangulation than sutures, minimal tissue reactivity, and low incidence of wound infections. Reported disadvantages of staples include interference with computed tomography scans, less meticulous approximation of wound edges in anatomically complex regions and the cost. The ultimate responsibility for the choice of the best material lies with the surgeon. Choosing a method of closure that affords a technically easy and efficient procedure, with a secure closure and minimal pain and scarring, is paramount to any surgeon. From the results of this study, we suggest that skin staples are better alternative to conventional sutures in head and neck cancer surgery as they offer:
1. Ten times faster wound closure than sutures. 2. Cost effectiveness if total cost of closure is considered although cost of material was almost double than suture closure. 3. Similar results to sutures in terms of patient comfort, aesthetics outcome and complication rate.
